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DESCRIPTION 

IMPROVEMENTS IN OR RELATING TO WIRELESS TERMINALS 
5 infroduction 

The present Invention relates to a method of reducing the volume of a multi- 
band antenna stnjcluiis by combining the properties of Planar Inverted-F 
Antennas (PI Fa's) and notches, and also to an antenna structure and wireless 
tenninal featuring the same. The main application is cellulsr telephony, 
10 State of the Art (a.) 

PIFA antennas are popular In mobile phones (Nokia use them almost 
exclusively, for example). The principal reasons for tliis are that: 

• they exhibit low SAR performance {and less loss to the head) 

• they are Installed above the phone cireuftry and, therefore, "re-use" the 
15 space within the phone to some degree 

However, such antennas are physically large and are difficult Id use over more 
than two cellular bands. The best perfbnnlng antennas are capable of 
. operation at GSM. DCS and PCS. 

The Problem (b.) 

20 To reduce the antenna volume or increase the number of bands covered. 
Clearly there is a trade off betwfeen these two aims. 
The Measures Proposed (c.) 

To use the PIFA predominantly for transmission, since SAR is only relevant In 
this mode. To use a co-located notch for reception (or when SAR is not 
25 considered to be important). 

The European and North American cellular bands are shown in Figure 1. The 
transmit bands are shown In dark grey (to the left of each pair), while the 
receive bands are shown in light grey (to the right). In Europe both the GSM 
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and DCS bands accommodate time divtslon duplex systems, whOe the UMTS 
bands are predominantly frequency divtslon. full duplex, in the USA, a mix of 

systemsandduplexmethodsareusedintheAMPSandPCSbands. The 
advanced wireless systems (AWS) bands have recently been allocated for 3G 
5 systems, though it has yet to be resolved bow the bands will be used. 

A principal feature of the present Invention is to use notehes for the receive 
bands and a PIFA or PIFAs for the transmit bands. When the PIFA Is used the 
notch can be de^cUvated by awrtching across its open end. Since PIFAs and 
10 notches can occupy the same volume, and both antennas are required Id 
cover only a sub-section of the total bandwidth, the total volume occupied can 
be reduced. 

Embodiments (d.) 

GSIWDCS/PCS/Bluetooth Configuration 

IS Currentlymanyphonesarebeingmadeto support the European GSM and 
, DCS bands together with the US PCS bands (in the TDMA IS54/1 36 mode) 
Since many other countries have adopted either the European or US band 
allocations, this allows near-woridwide roaming. To cover these bands an 
antenna fraclional bandwidth of 15.1% is required (1710-1990HMz). To cover 
20 the transmit bands only, a factional bandwidth of only 1 1 % is required ^ i e 
the required bandwidth Is reduced by approximately one third. To taHe 
advantage of this, the PCS RX band can be implemented as a notch. 

This is Illustrated In Rgure 2. Here a notch N is implemented in the FOB 
25 below a duaW,and GSMADCS PIFA. The notch Is fed near Its dosed end and 
tunlng/switehing is applied at the open end. 

With a small tuning capacitor at the open end, the notch can be used for 
Bluetooth, or any other frequency In the ISM band in the region of 2 4GHz (this 
3. vanes from country ^,^^sm^ymoui adversely affectliig^^rmance of 
the dual-band PIFA. -r.— 
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With a larger tuning capacitor, the notch can be used fbrthe PCS receive band 
(from 1930-1 SSOMHz). Since this frequency is dose to the upper frequency at 
which the PI FA operates, ft is necessary to short circuit the notch at the open 
and when the PI FA Is in use. This can be achieved via a simple switch (for 
5 example a PIN diode, FET or MEMs device). 

With the sviritch ON, the Sn perfomiance of the dual-band PIFA on a 
40x1 00x1 mm PCB is as shown in Figure 3 (markers si and 82 show the GSM 

band edges whOe markers s3 and s4 show the DCS band edges). It can be 
10 seen that the notch has no effect on the input impedance of the PIFA. It is 

expected that the notch win also not adversely affect the SAR. 

In the simulation above the total efficiency of the antenna (Including mismatch) 

Is gresater than 60% over the GSM and DCS bands, d^pHe the fact that the 

IS switch is assumed to have on ON resistance of Just 10f2. Hence It is 

demonstrated that, in the ON condition, the switch qualify is not an important 
factor. 

WBh the switch OFF and an optimal tuning capacitance applied at the open 
20 end off the notch, the S,i perfomiance of the notch is as shown in Rgure 4 
(markers si and s2 show the PCS RX band edges). Here the OFF state is 
assumed to be provided bya PIN diode with a reverse bias capacitance of 
0.2pF and a Q of 20. Under such conditions a worst-case efficiency (including 
mismatch) of 50% Is achieved. Better perfomiance could be achieved with the 
25 use of better quaiiiy switches, such as MEMs devices etc. 

Figure 5 schematically represents t he a bove circuit model fbrthe PIFA and 
notch. 

30 The notch can also be de-activated using p assive filtering. F or example, a 
PIFA may be used for UMTS TX white a notch is u sed for UMTS ^ Since 
both TX and RX are simultaneously required for UMTS, the notch^Mn be 
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mad9 to look inactive at the UiWTS transmit frequency using a passive network 
at the open end of the notch. Such a networic Is required to be substantially 
open circuit at the RX frequency and substantially short drcuit at the TX 
frequency. This could be achieved with bulk acoustic wave i^nators. for 
example. 

More than one notch may be used - for example, for the simultaneous 
provision of GSM/DCS/PCS and Bluatooth or for the provision of diversity. 
Fields of Application (e.) 

Any multi-band system where low SAR is only requii^d for some of the bands 
Partlculariy appropriate tor all current and future wireless communication 
systems. 

Although the present invention has been described with reference to a 
virtreless temninal having a PIF^ antenna and operating In the GSM. DCS and 
PCS bands. The invention may be applied to any multiband radto and in other 
dual band applications. Also the present Invention relates to an RF module 
having an antenna and at least those components included In the coupling 
stages 26A and 26B. 

m the pfesent speciflcatton and claims the word "er or "an" preceding an 
element does not exclude the presence of a plurality of such elements Further 
the word "comprising" does not exclude the presence of other elements or steps 
than those listed. 

From reading the present disclosure, other modifications wfll be 
apparent to persons skilled In the art. Such modifications may involve other 
features which are already known in the design, manufeclure and use of 
wireless temiinals and component parts therefor and which may be used 
instead of or in addition to features already described herein. Although claims 
have been fomiulated In this appHcafion Id particular combinations of features 
rt should be understood that the scope of the disclosure of the preseni 
application also Includes any novel feature or any novel combination of 
features disclosed herein either explicitly or Implicitly or any gener«lfeatlon 
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thereof, whether or not it relates to the same invention as presently claimed in 
any daim and whether or not it mitigates any or all of the same technical 
problems as does the present Invention. The applicants hereby give notice 
that new claims may be formulated to such features and/or combinations of 
such features during the prosecution of the present application or of any 
further application derived therefrtMn. ' 
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Figure 2 Collocated PIFA and Notch 
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